Purpose: Genetic testing for hereditary cancer facilitates medical management and improves health outcomes.
In general, men are less proactive about maintaining health than women: they are more likely to engage in risk-taking behaviors (e.g., eating poorly, failing to exercise), 1 and less likely to attend health services 2 and to engage in preventive and screening programs. 2 Although it was initially believed that men may have a lower uptake of genetic testing, 3 more recently it has been suggested that these differences do not exist when effective treatment is available. 4 In socialized medical systems, where it is implicit that funded provision of services will ultimately lead to improved public health outcomes, 5 these conflicting data provide both an opportunity and a challenge for genetic services providing predictive genetic testing for treatable and potentially preventable genetic conditions. Understandably, research on relatively well-defined hereditary cancer conditions, caused by known susceptibility genes, has focused on uptake of genetic testing and the impact of genetic testing on psychological well being and participation in surveillance. 6 Lifestyle modification for those with a risk of cancer on the basis of their family history has been less well explored. Generally, the effect of "lifestyle" factors such as diet and exercise on hereditary predisposition to known cancer syndromes is not clear, whereas the benefits of surveillance and preventive surgery are relatively better known. 7, 8 Prostate cancer stands in contrast to cancers with a well-described hereditary basis, such as colorectal cancer and breast cancer. Although a family history of prostate cancer confers an increased risk of developing this condition and it has been proposed that up to a third of cases diagnosed before 60 years are potentially caused by dominantly inherited mutations in susceptibility genes, 9 the identification of susceptibility genes with mutations conferring a high risk of prostate cancer (in the absence of a family history of breast/ovarian cancer) has eluded researchers. Genetic testing for a predisposition to prostate cancer is, therefore, currently not possible. Further, surveillance by serum prostate-specific antigen testing is controversial, as it contributes to the over diagnosis of tumors of low metastatic potential and its influence on prostate cancer mortality is not known. 10 However, prevention through diet supplementation and medication does show some promise. For example, selenium supplementation in a randomized trial of skin cancer prevention resulted in fewer prostate cancer cases than expected, 11 and large scale trials are currently underway to determine its effectiveness as a preventive agent in the general population. 12 The antiandrogen finasteride has been shown to reduce the risk of prostate cancer; however a possible higher risk of aggressive prostate cancer has made use of this agent as a preventative contentious. 13, 14 Moyad and Caroll 15, 16 propose lifestyle recommendations to prevent prostate cancer, predominantly suggesting dietary changes, physical activity, smoking cessation, and moderating alcohol consumption, arguing that although evidence for the roles of these behaviors in prostate cancer risk reduction is currently weak, there are other health benefits to this regimen and no harm. Although the potential of these medical and lifestyle modifications to influence the prostate cancer risk of those with a family history is not yet known, this is an area of current research.
It has been proposed that genetic counseling for adult-onset chronic health conditions should promote health behaviors that may be protective. 17 Although evidence-based advice on health behavior is necessary, it is also helpful to understand the pre-existing beliefs and health behaviors of those likely to attend familial cancer services as these can influence emotional response and behavioral response to health information. 18 The relevance of personal beliefs (illness representations) about a genetic condition to genetic testing and health behaviors has been described by Shiloh. 18 Beliefs about disease causation have been shown to influence behavioral responses to negative predictive genetic tests for Familial Adenomatous Polyposis 19, 20 and perceived preventability is important for interest in predictive genetic testing. 21 As a starting point to ascertain the beliefs and behaviors of men with a family history of prostate cancer in relation to genetic testing, we conducted a cross-sectional survey. No information about prostate cancer or genetic testing was provided by the researchers, in order that men would respond on the basis of their existing beliefs and assumptions. Specifically, we sought to ascertain (1) beliefs about the role of putative prostate cancer risk reducing agents; (2) the anticipated impact of genetic testing on possible risk reducing behaviors; and (3) the psychological determinants of interest in genetic testing, in particular the potential role of depression, generalized anxiety, prostate cancer anxiety, and/or individual information-seeking style. 22 
MATERIALS AND METHODS

Sample
Respondents were recruited from two existing resources. The first was a register of 179 men held at the Urology Department at the Royal Melbourne Hospital. These men were originally ascertained through advertisements in the print media, inviting men who self-reported a family history of prostate cancer to register with a view to participating in research on familial prostate cancer. The family histories of these men have not been verified. No previous research had been performed on these men at the time of this survey. This cohort is referred to as the "self-selected sample" in the text.
The second source of ascertainment was The Australian Prostate Cancer Family Study held by The Cancer Council of Victoria. Eligible men were identified by affected relatives who were recruited as cases to a population-based casecontrol study. Eligibility and recruitment procedures have been previously described. 23 For the current study, a subgroup of these respondents was selected on the basis of family history, comprising two or more relatives with prostate cancer or one relative with prostate cancer diagnosed before 55 years of age. In the text, this sample is referred to as the "family study sample."
Additional eligibility criteria for both samples were no prior diagnosis of prostate cancer, an ability to give informed consent and literacy in English, because data were collected using self-reported questionnaires.
Procedure
This study was undertaken as part of a larger study that also assessed the accuracy and completeness of reporting family history of prostate cancer, 24 information and clinical service needs, 25 and surveillance practices. 26 The study was approved by the ethics committees of Melbourne Health and The Cancer Council Victoria. Questionnaires and reply paid envelopes were mailed through each of the primary study centers. The package included an approach letter outlining the purpose of the study, a questionnaire and a reply paid envelope. A reminder letter was sent to respondents 1 month after the initial mail out by the participating centers. Return of a completed questionnaire was accepted as consent for participation.
Measures
The questionnaire included both previously validated and new, purposively designed items assessing beliefs about risk factors and behavior changes, which were generated based on clinical observation and a review of the relevant literature. The questionnaires were pilot-tested with 25 men, which did not lead to changes in the wording of the newly designed items described here. Hence the 25 questionnaires administered as part of the pilot phase were included in the final sample.
Sociodemographic variables
These included age; marital status; level of education; number; age of diagnosis and relationship of relatives with prostate cancer; and whether the respondent had sons.
Risk perception
A visual analogue scale anchored by 0 -100% assessed perceived lifetime risk by age 75. A visual analogue scale, rather than a Likert-type scale or a scale in which intermediate posi-tions are labeled with adjectives, was chosen because of its simplicity and widespread use in medicine to assess a variety of constructs 27 and to allow comparisons with related studies which used visual analogue scales to assess perceived risk. 28, 29 
Beliefs about potential risk-modifying factors
Respondents indicated, by ticking yes/no boxes, if they believed that any of the following "may affect a man's risk of developing prostate cancer": diet, how much alcohol a man drinks, smoking practices, exercise, medication and/or natural therapies, vitamin and mineral supplements. Additional response options were "other" or "chance cannot be altered."
Potentially risk-modifying behavior changes
Respondents indicated, by ticking yes/no boxes, if they "had made changes to your lifestyle because of your family history of prostate cancer" in the following: diet, how much alcohol you drink, smoking practices, exercise practices, medication and/or natural therapies, vitamin and mineral supplements, how often you have check-ups and the type of check-ups. Additional response options were "other" and "I have made no changes." These items were included in a different section of the questionnaire to avoid repetitive completion of similarly phrased items. Men who responded that they did not smoke or drink alcohol were excluded from the calculation of percentages relating to smoking or alcohol behavior and intention.
Interest in genetic testing
Respondents were asked if they would want a genetic test "if it could tell you that you are more likely than average to develop prostate cancer." No detail was given about the nature of genetic testing or about the information that testing may provide. Response options were definitely not; probably not; yes, probably; yes, definitely; do not know. Respondents were also asked why they thought "genetic testing for prostate cancer would/would not be helpful" in an open-ended response question. Answers were grouped thematically, with two researchers (R.C. and C.G.) reaching agreement on the coding of responses.
Anticipated behavior response to genetic testing
Respondents indicated, by ticking yes/no boxes, if they would make any of the following changes if a genetic test showed "you were more likely than average to develop prostate cancer: your diet, how much alcohol you drink, your smoking practices, your exercise, medication and/or natural therapies, vitamin and mineral supplements, how often you have checkups and the type of check-ups." Additional response options were "other" and "I would change nothing."
The Impact of Events Scale
This 15-item scale was used to measure prostate cancer anxiety. The Impact of Events Scale (IES) is a validated measure of intrusion and avoidance in relation to a specific stressor. 30 In this study, the particular stressor was concern about being at risk of prostate cancer. The IES has been used previously in related studies. 31, 32 The intrusion and avoidance subscales were found to have excellent internal consistency in the current sample with a coefficient ␣ of 0.87 each.
Hospital Anxiety and Depression Scale
This is a widely used measure of emotional disturbance and has two subscales measuring anxiety and depression. 33 The Hospital Anxiety and Depression Scale (HADS) has been validated for use in a cancer setting 34 and has been used previously in related studies. 31 In this study, only the seven-item depression subscale was used as previous studies suggest individuals with depression are less likely to pursue genetic testing. The Depression Scale of the HADS has been shown to possess high internal consistency and separate use of the scale is justified. 35 The Depression Subscale demonstrated excellent internal consistency in the current sample with a coefficient ␣ of 0.79.
Monitoring-Blunting Scale
The Miller-Behavioral Style Scale is a four-item, validated scale, which measures individual information-seeking style, that is individual differences in coping styles in threatening situations. 22 Respondents were asked to imagine four stressprovoking scenarios of a largely uncontrollable nature. Each scenario was followed by eight statements representing different attention strategies for dealing with the event, i.e., "monitoring" (attending to) versus "blunting" (avoiding) potentially threatening information. Scores for monitoring and blunting are calculated separately by adding the number of items ticked, and the monitoring minus blunting score was used for analysis. 22 
Statistical analyses
The Statistical Package for the Social Sciences, Version 11.0, was used for all analyses. Descriptive statistics were used to describe the sample in terms of sociodemographic and family history data, interest in genetic testing and lifestyle beliefs, practices and anticipated changes. The variable "interest in genetic testing" was recoded as a binary variable for further analysis. As only 5% of respondents were "definitely not" or "probably not" interested and actual uptake of genetic testing for cancer predisposition has been observed to be lower than intended uptake, 36 these responses were collapsed with "yes, probably." To assess univariate associations between categorical predictor variables (educational level, type of sample, having sons or not, and marital status) and the outcome variable (interest in genetic testing), 2 tests were performed. MannWhitney U tests were conducted for non-normal interval variables (age, number of first-and second-degree relatives affected, perceived prostate cancer risk and prostate cancer anxiety). Finally, a two-sample t test was used for normally distributed data, i.e., monitoring minus blunting scores. All independent variables with a bivariate association of P Ͻ 0.1 with the outcome variable were entered into a binary logistic regression equation. To explore whether the relationship between each of the potential predictor variables and the outcome variables varied by recruitment source, appropriate interaction terms were tested for significance.
RESULTS
Response and respondent characteristics
As reported previously, 25 ,26 a total of 504 questionnaires were mailed out; 23 packages were returned to sender, and eight men were found to be deceased. Of the remaining 473 eligible participants, 59% (51% in the family study and 73% in the self-selected sample) returned completed questionnaires. The majority of respondents was in a relationship (83%) and had biological sons (72.0%). Table 1 provides a summary of the sociodemographic and family history characteristics of the sample.
With respect to psychological characteristics of the sample, the mean total score for cancer-specific worry using the IES was 7.25 (SD 10.61, range 0 -75), with mean scores on the Intrusion and Avoidance subscale of 3.07 (SD 4.95, range 0 -35) and 4.49 (SD 7.01, range 0 -40), respectively. The mean HADS depression score was 2.90 (SD 2.7, range 0 -21). The mean monitoring minus blunting score was 5.53 (SD 3.82, range Ϫ32 to 32).
Beliefs about, and behaviors relating to, potential risk-modifying factors
The majority of respondents believed that prostate cancer risk could be modified: a mean of 2.6 (range 1-6) items were endorsed by respondents as potential risk-modifying factors. Figure 1 shows the percentages of men indicating a belief in a range of potential risk-modifying behaviors, and the actual change made to these behaviors or intended change in the event that a genetic testing result indicates an increased risk. The most commonly held belief was that diet could influence prostate cancer risk, with 73% of participants identifying it as affecting a man's chance of developing prostate cancer. Belief was lowest for vitamins and minerals (36%) and medication/ natural therapies (37%). Thirty-nine percent of men reported having already made at least one potentially risk modifying behavior change, other than changes in surveillance, in response to their family history of prostate cancer. In all cases, the frequency of reported behavior changes for each item was smaller in magnitude than the frequency of belief in the potentially risk-modifying role of that item (Fig. 1) . Sixty-two percent of men reported having made no behavior changes, and 1% having made all the changes. Almost half had changed frequency (49%) and type of check-ups (46%) in response to their family history of prostate cancer. Having made at least one behavior change, other than screening, was not associated with type of sample, sociodemographic or family history variables and/or perceived prostate cancer risk and/or anxiety (data not shown).
Interest in genetic testing
Interest in genetic testing was assessed without providing any information about its implications or possible outcomes, as we wished to determine pre-existing beliefs and attitudes that men may hold before attending a clinical service rather than determine the impact of a specific intervention. The majority of men reported some interest in genetic testing with 68% "definitely" and 26% "probably" interested, whereas 5% indicated being "probably" or "definitely not" interested in genetic testing and only 1% were unsure. The results of bivariate analyses are shown in Table 2 . Several variables were significantly associated with definite interest in genetic testing for prostate cancer, namely recruitment in the self-selected sample ( 2 ϭ 8.98; P ϭ 0.003), higher perceived prostate cancer risk (z ϭ Ϫ2.76; P ϭ 0.006), and higher monitoring minus blunting scores (t ϭ 2.10; P ϭ 0.034). A trend was also observed for men who were "definitely interested" in genetic testing to have higher prostate cancer anxiety (z ϭ Ϫ2.58; P ϭ 0.051) and a higher number of first-and second-degree relatives with prostate cancer (z ϭ Ϫ1.71, P ϭ 0.088). Table 3 shows the logistic regression model for interest in genetic testing. Prostate cancer anxiety was found to be significantly associated with interest in genetic testing (OR 1.03, 95% CI, 1.00 -1.06, P ϭ 0.030). An interaction was also found between number of first-and second-degree relatives and recruitment source; an increasing number of first-and second-degree relatives was found to be associated with interest in genetic testing among the family study sample (OR 1.73, 95% CI, 1.17-2.55, P ϭ 0.006), but not the self-selected sample (OR 0.81, 95% CI, 0.46 -1.45, P ϭ 0.48).
Two hundred twenty four respondents gave reasons why they believed genetic testing would or would not be helpful. These are listed in Table 4 . Genetic testing was commonly perceived as helpful because it would enable the respondent to make changes, provide psychological benefit and/or facilitate early detection, treatment and cure. Lack of perceived relevance and psychological concerns were reasons for lack of interest in genetic testing.
Potential risk-modifying behavior changes in response to test results
A majority (93%) of men reported that a positive genetic test would motivate them to make at least one change to their behavior. Men were most likely to change the frequency or type of check-ups, with 86% and 83% identifying these options respectively. Excluding surveillance practices, 84% of men said they would make at least one health behavior change. Men were least likely to intend to change smoking practices, with only 49% identifying this item. The greatest change in behavior was for diet and medication/natural therapy with 81% and 70%, respectively, reporting willingness to change. For all items except smoking, more men indicated they would change their behavior in response to a positive genetic test than believed in the potentially risk-modifying role of that item.
DISCUSSION
Currently, specialist clinical services for men with an increased risk of developing prostate cancer on the basis of their family history are not available in Australia: genetic testing is hypothetical as the genetic basis of prostate cancer risk has not been fully elucidated and preventive measures remain an area of research. However, should such services be established, it is important to have some insight into the beliefs men might hold about their options before attending a service 37 and actions they may have already undertaken to reduce their risk. We have previously reported that the greatest need of men with a family history of prostate cancer was to obtain information about risk management 25 and that most are managing their risk by undergoing surveillance. 26 In this study, we extend these data by considering other modifications men have made to their health behavior, finding that 39% reported having made changes in response to their family history alone. For instance, the belief that diet could affect risk was widely held (73%) and many (27%) had already modified their diet on the basis of their family history. The majority of respondents (84%) stated they would make further changes to health behaviors (other than surveillance) in response to genetic test results and the perception that genetic testing would help the respondent to make changes, including lifestyle changes, and result in improved health outcomes was common. As respondents were told only that genetic testing was not available and were not given any further information or speculation about the nature of genetic testing in the future, this data represents the "naïve" view of at-risk men before any intervention, such as genetic counseling. Nonetheless, the reasons given by respondents for why genetic testing would be helpful are broadly consistent with reasons cited by men in the general population after watching an educational video on prostate cancer genetic testing. 38 To our knowledge, these are the first reported data on men's health attitudes and health behaviors in response to their increased familial risk of prostate cancer and their intentions to change behaviors in response to genetic testing.
The high level of interest in genetic testing by men with some family history of prostate cancer found here is consistent with other reports, 31, 39, 40 as is the association with the number of affected first-and second-degree relatives (and thus a higher objective risk). 39, 41 We also found that interest was predicted by prostate cancer anxiety but did not find associations previously reported in studies with men with some family history of prostate cancer, namely: having sons or children, 31,42 lower educational level, 42, 43 and being married. 44 These discrepancies may reflect the different populations and family histories of those sampled.
A theoretical perspective
Leventhal's common sense model (CSM) of the self-regulation of illness has been suggested as a basis for studies on genetic susceptibility and response to genetic testing [45] [46] [47] and as a useful framework for conceptualizing genetic counseling. 18 Although our study is descriptive in nature, and did not use CSM as a theoretical framework, it is intended to inform genetic counseling practice. Consequently, we decided to view our results through the lens of CSM.
CSM is a dual processing model, proposing that people respond to health threats both cognitively and emotionally. The cognitive process proposed in the CSM suggests that the individual constructs a representation of the threat, which includes beliefs about the nature of the threat, its cause, controllability, consequences and perceived duration. These cognitive representations, or beliefs, then guide attempts to control the perceived threat, which may include specific health-related behaviors. In this study, we assessed respondents' beliefs about the effects of health behaviors on risk, which taps into representations of cause and control. Many men believed that one or more behaviors relating to diet, alcohol intake, exercise, medication/natural therapies and vitamin/mineral supplements would modify their risk, and a large proportion had undertaken such changes in response to their family history. However, objective and perceived risk were not related to behavior change: this is consistent with the CSM which proposes that it is the beliefs about the threat that influence behavior (e.g., beliefs about controllability) rather than the magnitude of the risk per se. As well as this cognitive process, the CSM describes a parallel process of emotional reaction to the health threat, which triggers coping strategies to reduce distress. Genetic testing can be conceived as a coping strategy, 46 which may serve to reduce worry and concern and increase feelings of control. Men experiencing anxiety about their risk of prostate cancer were significantly more likely to be definitely interested in genetic testing than those who were not in the study and an association between worry and distress and intention to test has been observed in another study of prostate cancer risk, 39 as well as studies in a range of other genetic conditions. 46 Expectations that undergoing genetic testing will provide an unaffected individual relief from anxiety are realistic for noncarriers, although carriers do not seem to have adverse outcomes in the medium-long term. 48 The possibility that genetic testing may offer a sense of control and reduce threat is supported by respondents' beliefs that it would facilitate early diagnosis, treatment and cure, as well as being a catalyst for behavioral changes that may reduce risk and provide psychological benefit. However, the actual impact of genetic testing on behavior and cognitive representations remains to be seen. A randomized control trial of the psychological impact of genetic testing for familial hypercholesterolemia found that people with mutations believed less strongly than noncarriers in the efficacy of diet in reducing cholesterol levels and showed a trend for carriers to believe more strongly in the efficacy of cholesterol lowering medication. 49 Interestingly, our study indicates that the largest change from actual practice to intended behavior in response to genetic testing was the intention to take medication.
Study limitations
As indicated earlier, this study was not designed explicitly to test the CSM model and further work is required to explore cognitive and emotional representations in this group. A number of further caveats must be made when considering the implications of our results. First, because of our focus on service development, we adopted a recruitment strategy that deliberately targeted those likely to attend genetic counseling services for cancer-either because they have a significant risk of the condition or because they are concerned about their family history-rather than a representative sample of all men with a family history of prostate cancer. 25 The results in this study therefore cannot be generalized to all men with a family history of this cancer. The ability to generalize findings is also limited by the response of 59%, although this compares favorably with responses of 42-50% reported in other recent studies of unaffected Australian men and prostate cancer 50 and familial cancer. 51 Second, results relating to the magnitude of interest in genetic testing and intention to change behavior should be viewed as a "best case scenario." Actual test uptake by people with other types of familial cancer history is usually lower than the initial intention to be tested. 52 We attempted to adjust for this by comparing those who would definitely undergo testing with all others (including those who would "probably" undergo testing) as it seemed reasonable to assume that those with a relatively weaker intention to test would be those most likely not to pursue it. However, the precise magnitude of interest must be treated with some caution. In a similar vein, willingness to undertake preventive action should not be overinterpreted as reflecting the likely magnitude of response: there is often a gap between intention to change and actual alterations in behavior. Finally, behaviors are self-reported and we cannot know how accurately or to what extent men have altered their conduct. In the case of diet, men may not always be aware that a change has been made. For instance, the partner of one respondent stated that she had altered their diet because of his family history of prostate cancer, although the respondent himself was unaware of this change.
Clinical implications
Our intention in conducting this study was to inform the development of clinical services and genetic counseling that " [presents] information in a way that allows individuals to appreciate the threat reduction they might achieve by engaging in the recommended action and facilitating their ability to perform the behavior." 47 Shiloh 18 recommends that those providing genetic counseling should inter alia explore specific representations that clients have about the condition before predicting or trying to modify their knowledge and reactions. Although it is premature to make definitive statements about how genetic counseling should be provided for this condition, the results presented here support Leventhal's CSM of the selfregulation of health and illness. The perceived benefits of hypothetical genetic testing for prostate cancer genetic testing are consistent with findings from related studies on individuals undergoing genetic testing for hereditary nonpolyposis colorectal cancer and hereditary breast ovarian cancer, 53 which underscore individuals' desire to prevent cancer and have appropriate medical management. However, if agents such as antiandrogens and selenium are found to have clinical use in the prevention of prostate cancer in men with a family history, then a genetic condition which can be treated by medication, such as familial hypercholesterolemia, may be a more relevant clinical model to draw on than the hereditary cancer susceptibility syndromes, where the focus is currently on surveillance and surgical management.
In Australia there has not to date been a focus on familial prostate cancer: specialist services analogous to those for hereditary nonpolyposis colorectal cancer and hereditary breast ovarian cancer are not available and prostate cancer family history as a risk factor has not attracted noticeable media coverage or health promotion campaigns. In the absence of these programs, our data provide an insight into the pre-existing beliefs of men at increased risk of prostate cancer and may inform the development of future targeted health campaigns and prostate cancer services.
CONCLUSIONS
There is insufficient evidence for lifestyle and health behavior changes as a means of reducing prostate cancer risk to warrant either clinical intervention or public health campaigns. However, this may change as the results of current research on preventive agents and on the genetic basis of prostate cancer susceptibility become available. The data presented indicate that men with a family history of prostate cancer believe that their risk of this condition is influenced by lifestyle choices and demonstrate a willingness to engage in preventive practices. Evidence suggests that interventions based on theories of behavior change are more effective than the simple provision of information alone. 54, 55 Our study supports further investigation of the CSM as a basis for the delivery of genetic counseling services and the development of interventions to educate and modify the health behavior of men at increased risk of prostate cancer due to their family history.
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